III-nitride violet lasers at Nichia  by unknown
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I I I -n i t r ide v io let  lasers 
at Nichia 
Regular readers will recall our coverage of the impressive blue emitter devices being developed 
at Nichia Chemical Industries. In this fully illustrated update we learn of the first III-nitride violet 
laser diodes which operate under pulsed current injection at RT. Also, we report on 
Dr Nakamura's successful operation of MQW lasers on spinel substrate: MgAI204 
A 
s we reported last issue, sub- 
strates are of great impor- 
tance both for epitaxy and 
device fabrication. Nichia's work has 
concentrated on sapphire and good 
results have been achieved with the 
cleavage of the substrate along the 
(1102) orientation (R-face) to form 
the laser cavity's mirror facet,[1] see 
Figure 1. 
As before, the III-nitride films were 
grown by the 2-flow MOVPE process 
at atmospheric pressure [2]. The 
InGaN MQW laser diode is shown 
schematically in Figure 2. Impor- 
tantly, the 0.1 ~tm thick n-type 
Ino.osGao95N serves as a buffer layer 
for the growth of a thick AIGaN 
epilayer and prevents the film break- 
ing up. Cleaving of the crystal was 
facilitated by use of the A-face of the 
substrate. The cross-sectional SEM 
photo shows the result (see photo). 
The facets were "mirror-like" but 
many streaks are present perpendi- 
cular to the substrate. 
The laser diodes were fabricated as 
the mesa  s t r ipe  type  of  area 
10x600 ~tm. Contact formation con- 
tinues to present echnological chal- 
l enges  to the  succ 'ess fu l  CW 
operation of these devices. However, 
in this case Ni/Au was evaporated 
onto the p-type GaN with T~,/AI 
sputtered onto the n-type layer. 
With the diodes under pulsed 
current-biased conditions, no stimu- 
la ted emiss ion  occur red  unt i l  
360 mA was reached (at 24 V). The 
facet roughening mentioned earlier is 
probably what causes the apparent 
low quantum efficiency (6% per 
facet). Emission is strongly TE-polar- 
ized which indicates that laser opera- 
LED displa)~ panel size is lm x 2m; operating voltage is 5V for logic circuit, 6.5 V for green and 
blue LEDs, 4.5V for red LEDs; it is PC-controlled (at right of photo); brightness is 2300 cd/m 2 for 
indoor use.The Face is probably that of an American lady! Dr Nakamura says that the first 
commercialised full colour display using the SQW blue and green LEDs appeared in Matudo, 
Chiba, Japan this May. It is 5m x 8m, brightness is 7000 cd/m For outdoors.We hope to feature 
this in the next issue. 
tion is occurring over 360 mA. 
As can be seen from the photos 
shown in this report,  blue light 
emission is spectacular. In the paper, 
this is described as having an FXVHM 
of 0.05 nm and a peak wavelength of 
416.3 nm. However, Dr Nakamura 
noted the presence of blue and red 
shifts of peak emissions between 
spontaneous and stimulated emis- 
sion. "The cause of these effects 
whilst in accord with the findings of 
other workers, such as those for 
optically pumped LDs, is at present 
uncertain. We are all pursuing the 
research in this field to fully under- 
stand and control these effects. We 
made our spectral measurements  
with a range of pulse duty from 0.01 
to 0.1, so we could eliminate con- 
tribution from heating effects in the 
pn junction, They are not caused by 
this effect and we consider it more 
likely that it is related to epitaxial 
layer inhomogeneity. Our ongoing 
project is very much aimed at making 
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the epitaxy as well controlled as 
possible of course. This has great 
importance but we are making good 
progress". 
In the short history of blue emitter 
development i is sometimes conve- 
nient to not mention the tempera- 
ture at which blue lasing action is 
taking place. What is very impressive 
is Dr Nakamura's personal demon- 
stration that his devices do actually 
work at room temperature. In the 
latest work lasing has been measured 
over the range 283 to 323K, i.e. well 
above RT. He notes that these laser 
diodes have "characteristic tempera- 
tures (CT) of between 180 and 313K, 
typically 220K. ZnSe LDS had 150K 
CTs at RT. We are pleased with this 
result as we now know that our GaN- 
based devices are very stable even at 
temperatures somewhat higher than 
RT!" 
Last time, Dr Nakamura told TFR 
that "We have been using many 
different substrate types with no firm 
conclusion as to which has the 
optimal characteristics. Sapphire has 
been successful but it has the major 
drawback of being non-conductiveY 
This necessitates ome ingenious 
device fabrication procedures espe- 
cially for the formation of electrical 
contacts. 
A new paper describes ome of the 
work on alternative substrates cur- 
rently underway at Nichia. In Applied 
Physics Letters [3] published in early 
SEM photo of cleaved facet. 
Packaged LD: 
operating voltage 
20V; operating 
current 300mA; pulse 
width 1 ps; pulse priod 
1 ms; peak wavelength 
405 nm. 
April, reports MQW LDs grown on 
(1 t 1) MgAI204, a spinel, substrates i
reported. As before, laser operation 
was achieved, at 410 nm, under  
pulsed current conditions at RT. 
According to Dr Nakamura, 
apart from some subtle process 
adjustments basically the same 
LT MOVPE epilayer growth 
conditions were used. "The 
crystal quality of the GaN films 
was almost the same as that on 
sapphire. Our objective was to 
try to improve the roughness of 
the mirror facet and we have 
achieved this with a polishing 
technique.  This is in good 
agreement with the work of 
Kuramata [4] who obtained 
smooth cleavage. But we used 
pol ished facets for the LD 
cavities. This gave a roughness 
of around 50 angstroms after 
the polishing." 
] Basically similar device fabri- 
cation and contact information 
were used. However, high re- 
f lection facet coatings were 
employed  to he lp  reduce  
threshold current. 
This device did not lase until 1.2 A 
threshold current was reached, at 
1.7A at 28 V. At 1.7 A the differential 
quantum efficiency was 3.3% and 
pulsed output power was 44 mW 
per  facet, at 28 V. Photographs 
clearly show strong blue emission 
wi th  the spontaneous  emiss ion 
spreading outwards when below 
threshold. Above threshold, stimu- 
lated emission occurs with a char- 
acteristic elliptical far-field pattern. 
Once again, Dr Nakamura and his 
team at Nichia Chemical Industries 
have claimed a first for achieving blue 
light laser emission for III-nitride 
based devices on the MgAl20  4 sub- 
strate, hOur  work continues on these 
and other substrates which we hope 
to report in due course. I will be 
pleased to present our work at the 
ICMOVPE conference in Cardiff and 
also the EMRS meeting in Strasbourg. 
"Meanwhile, we wish to draw 
attention to our LED work which 
has been the basis of our laser 
success. The full colour display 
shown here, [see first page] incor- 
porates III-nitride LED devices for 
the blue and green emitters. These 
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are InGaN and the red elements only  
are GaAIAs. We prepared this as a 
demonstrat ion believing it is the first 
full colour display of this type to use 
the SQW blue and green LEDs." 
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